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ABSTRACT 
The noticeable discoveries in the field of nanotechnologies of the last years emphasized the 
versatility of nanoscience in many fields. New evidences demonstrated that physical and chemical 
properties of nanomaterials can be tuned to reduce safety issues of nanotechnology applied in food 
industry. In this context, and inspired by the increasing interest of industry toward nanotechnology, 
a novel iron oxide magnetic nanoparticle, whose synthesis was developed in our laboratory, was 
used in association with polyphenols to elaborate hybrid nanomaterials with interesting applications 
in the food industry field. The magnetic nanoparticles, presenting a size around 10 nm and 
constituted of stoichiometric maghemite (γ-Fe2O3), were called Surface Active Maghemite 
Nanoparticles (SAMNs). SAMNs show a peculiar surface chemical behavior, which is highlighted 
by their high water stability as colloidal suspensions, without any superficial modification or 
coating derivatization. In addition, SAMN production is cost-effective and eco-friendly, and these 
nanoparticles can be advantageously reutilized. SAMNs are able to immobilize various 
biomolecules and the availability of iron (III) atoms on the particle surface provides to the 
nanomaterial the ability to selectively bind selected molecules. Thereby, upon molecule 
immobilization, a core-shell complex is formed, combining the magnetism of SAMNs (the core) 
and the function provided by the chosen molecule (the shell). Among several other biomolecules, 
phenolic compounds have a high affinity for maghemite nanoparticles. This occurs because the 
phenolic compounds have chelating groups that react with the iron (III) sites available on the 
surface of SAMNs. The immobilization of phenolic compounds on the surface of SAMNs is very 
stable and conserved upon binding, making it possible to use the resulting complex for various 
purposes, such as magnetic purification, drug delivery, etc. Thus, this study proposes the 
development of two hybrid nanostructure by coating SAMNs with tannic acid (TA) and curcumin 
(CUR). Both core-shell nanostructures, SAMN@TA and SAMN@CUR, presented high stability 
and were deeply characterized with different techniques. SAMN@TA was successfully applied for 
the creation of an electrochemical sensor for the detection of polyphenol content in blueberries by 
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square wave voltammetry. Furthermore, the antimicrobial properties of SAMN@TA were 
successfully tested on Listeria monocytogenes. Due to the effectiveness on reducing bacterial 
growth and easy removal from the system, SAMN@TA represents a possible alternative to 
antibiotic methods for the elimination of foodborne pathogens. Finally, the use of SAMN@CUR 
was proposed as a purification method to improve the extraction of pure curcumin from biological 
samples. The results demonstrated a sustainable and highly efficient magnetic purification process 
for curcumin as well as an outstanding yield of 90% and a purity > 98%. In conclusion, the reported 
multiple uses of SAMNs, ranging from biomolecule purification to foodborne pathogen control, 
offer valuable insights into the versatility of the nanomaterial and its potential applications in the 
food industry. 
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INTRODUCTION 
 
1-NANOTECNOLOGY 
The current nanotechnology revolution stimulated, through innovative prospects and applications, 
widely renovation possibilities for many science fields. Particular interest is focused on 
nanomaterial engineering, which provides a wide range of synthesis methods, due to the fact that 
this branch combines several structures and composition to create new materials. Among 
nanomaterials, nanoparticles are particularly interesting for their unique physical and chemical 
properties at nano-scale, that are the heart of the versatility of nano-sized materials (Wu, Mendoza-
Garcia, Li, & Sun, 2016) that proved to be useful in fields as electronics (Bruce, Scrosati, Tarascon, 
Chemie, & Bruce, 2008) and biomedicine (Tian et al., 2017).  
 
2-NANOPARTICLES 
Nanoparticles are a wide class of materials that have a size in the 1-100 nm range and can be 
synthesized using different techniques. At nanoscale, materials present a variety of new properties, 
which further change with the size or the shape of the nanomaterial (Jasieniak, Califano, & 
Watkins, 2011). Actually, the unique nanoparticle features are scale-dependent, as an example, at 
size below 20 nm many features of the nanomaterial, including optical characteristic, magnetism, 
and the surface structure, can be altered (Burda, Chen, Narayanan, & El-Sayed, 2005; Iqbal, Iqbal, 
Li, Gong, & Qin, 2017). At this scale, the atom percentage on the surface increases exponentially in 
comparison to the same material in bulk phase, leading to a high exposition of functional atoms, 
and thus great reactive features (Whitesides, 2003; Wu et al., 2016).  
Nanoparticles exhibit peculiar magnetic, electronic, and optical behavior, and offer the great 
advantage of a large reactive surface (Pérez-López & Merkoçi, 2011). Indeed enthusiastic efforts to 
understand and completely unveil these singular properties represent a crucial task nowadays 
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(Gupta & Gupta, 2005; Laurent et al., 2008; Lu, Salabas, & Schüth, 2007).   
 
2.1-Iron oxide magnetic nanoparticles 
Magnetic nanoparticles are commonly composed of iron oxide, and are a class of nanomaterials 
mostly represented by maghemite (γ-Fe2O3) or magnetite (Fe3O4). They can be synthetized 
advantageously at the size of the biological entities of interest (Pankhurst, Connolly, Jones, & 
Dobson, 2003). Besides the properties as low toxicity, biodegradability, small size, high surface 
area, and magnetism (Laurent et al., 2008; Lu et al., 2007), they present broad application 
possibilities due the wide spectrum of functionalities. Thereby, they can be used for biomedical 
applications in magnetic resonance imaging (MRI), for the efficient separation of biomolecules and 
as carriers for targeted drug delivery (Hola, Markova, Zoppellaro, Tucek, & Zboril, 2015; Magro et 
al., 2014; Wu, Mendoza-Garcia, Li, & Sun, 2016). 
In particular, magnetic properties of iron oxides can be drastically influenced at the nano-size, 
resulting in the phenomenon of superparamagnetism, which consists in being responsive to an 
external magnetic fields without bearing residual magnetism at the end of the exposition (Gupta & 
Gupta, 2005). The magnetic manipulation, representing an effectively repeatable process, permits to 
readily remove the superparamagnetic material from the reaction vessel, allowing its subsequent 
dispersion in the system when magnetic field is absent (Govan & Gun ’ko, 2014). This property can 
be exploited  to perform the magnetic separation and easy isolation of target substances in solution 
by simple application of an external magnetic field (Laurent et al., 2008).  
Nevertheless, iron oxide nanoparticles present some important drawbacks, as this type of material 
normally exhibits a tendency to aggregate, presenting a low colloidal stability in aqueous media, 
hence the modification or coating derivatization to protect the nanoparticles surface is a  necessary 
prerequisite (Govan & Gun ’ko, 2014; Gupta & Gupta, 2005; Kalkan, Aksoy, Aksoy, & Hasirci, 
2012). Notwithstanding  surface covering ensures stabilization of the nanomaterial, this additional 
 9 
synthetic step limits possible nanoparticle applications at large scale, as it  is a time consuming 
process, increasing of cost of the synthesis, as well as, due to the use of large volumes of solvents,  
it represents  a source of environmental hazard  (Mahmoudi, Sant, Wang, Laurent, & Sen, 2011). 
 
2.1.1- Application of magnetic nanoparticles for biomolecule purification by magnetic separation 
Magnetic separation techniques using nanoparticles represent an effective protocol for the 
separation and purification of specific molecules. In comparison with standard separation 
procedures, such as expensive liquid chromatography systems, this alternative technique is 
characterized by the facility, selectivity and reliability of the method, even for very large volumes 
(Horák, Babič, Macková, & Beneš, 2007; Safarik & Safarikova, 2004). 
Even more interesting, the separation process can be performed directly on crude samples 
containing suspended solid material, thus, the purification process can be suitable to work in 
complex biological matrixes, like plants extracts. This advantage, with respect to standard 
chromatography techniques, reduces the quantities of solvents and avoid the dilution of the target 
molecule in solution. This technique is already used in chemical processing, waste remediation and 
purification system (Iranmanesh & Hulliger, 2017). 
 
2.1.2- Application of magnetic nanoparticles for nanosensors 
The wide range of applications of nanomaterials motivated great innovations also in the analytical 
technologies. For instance, the possibility to synthetize hybrid nanomaterials by combining 
nanoparticles with different functional components have attracted increasing interest, since the 
modification of  physicochemical properties can enhance sensor stability, selectivity and sensitivity 
(Bülbül, Hayat, & Andreescu, 2015). Nanomaterials are intensely used in electronics, biomaterials 
sensing and, more recently, food industry (Pathakoti, Manubolu, & Hwang, 2017). 
The large surface area and biocompatibility of iron oxide nanoparticles can be used as platform for 
immobilizing various types of molecules by means of physical adsorption or covalent binding 
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(Urbanova et al., 2014). This strategies permits to create novel bio-elements for developing new 
sensors responding to the request of the main goals of the specific research, offering good 
reproducibility and sensitivity (Bülbül et al., 2015). Electrochemical sensors based on iron oxide 
nanoparticles can be non-enzymatic, in which non-functionalized nanoparticles act as the sensing 
element.  In addition, the magnetic recoverability, another advantageous nanosensor feature, 
permits the reuse of the system, representing in this way, an ecofriendly option to the expensive 
traditional methods. A significant range of application for sensors based on hybrid nanoparticles has 
been proposed, especially because of enhanced detection capabilities of analytical devices based on 
this technology (Viswanathan, Radecka, & Radecki, 2009).  
 
2.1.3- Application of magnetic nanoparticles as processing aid 
A processing aid is defined as a substance, not consumed as a food by itself, which is used in the 
processing of foods or their components, to implement a certain technological purpose during 
treatment or processing (Knorr et al., 2011). Recently, nanostructures have been suggested as a new 
processing aid in food productions process, in order to enhance food safety by reducing potential 
contamination during processing, as bacteriostatic/bactericidal agents or to facilitate an easier 
removal of impurities (Ansari, Grigoriev, Libor, Tothill, & Ramsden, 2009).  
A successful application of nanoparticle as processing aid is represented by their application in the 
control of foodborne illness. For example, magnetic iron oxide nanoparticles were effectively tested 
on different types of microorganisms and the results indicated a high efficiency to separate the 
target bacteria from contaminated food (Huang, Wang, & Yan, 2010). The process can be 
developed using uncoated or functionalized nanoparticles, by attaching specific compounds (i.e. 
antimicrobials), on their surface (Varshney, Yang, Su, & Li, 2005; Yang, Qu, Wimbrow, Jiang, & 
Sun, 2007). 
Once attached on bacterial cells, nanoparticles can induce membrane permeability, as their small 
size and highly reactive surface can cause stress and loss of bacterial membrane integrity, so that 
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the antimicrobial compound can be released from the nanoparticles inside the target microorganism 
(Ivanova, Fernandes, & Tzanov, 2013; Kafayati, Raheb, Angazi , Mahmoud Torabi Alizadeh, & 
Bardania, 2013). In addition, nanoparticles can penetrate the bacterial biofilm and hence disrupt this 
biological structure (Gholami et al., 2016; Taylor & Webster, 2011). Therefore, this novel non-
traditional antimicrobial nanoparticle tool can help food industry to significantly reduce the 
possibility of disease outbreaks avoiding the emergence of drug resistance in bacteria caused due to 
excessive and inappropriate use of chemical substances (Arakha et al., 2015). 
 
3-NANOTECHNOLOGY IN FOOD INDUSTRY 
To face the worldwide increasing demand of food, technological advances for food processing and 
preservation are of fundamental importance. Food industry is constantly seeking for the 
development of new products and procedures to increase food offer in terms of nutritional and 
health values, safety and, and at the same time, to limit large scale waste production. In this context, 
nanotechnology applied to food industry represents a great innovation potential, attractiveness and 
profitability (Etheridge et al., 2013; Knorr et al., 2011).  
The gradual progress of nanotechnologies and the increase of scientific knowledge regarding the 
control over their stability, physicochemical behavior and their safe manipulation demonstrate their 
suitability for food applications. Indeed, food industry is one of the sectors that most opened up the 
potential benefits of multi-faceted tools offered by nanotechnology (Livney, 2015).  
Nano-formulates have been already used in food processing, such as food packaging, smart labels, 
nanosized ingredients and additives (Valdés, González, Calzón, & Díaz-García, 2009). Moreover, 
nanotechnology offers also innovative indirect pathways for upgrading the food productions, for 
instance, providing novel analytical tools, such as nanosensor, processing aids and selective 
purification procedures (Valdés et al., 2009).  
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4-POLYPHENOLS  
Polyphenols are natural plant secondary metabolites showing multipotent combinations of 
biochemical activities. These powerful active compounds, constituting the plant defending system 
against pathogens and microorganisms, include simple or complex molecular structures that have in 
common the presence of aromatic rings and at least one hydroxyl function (Chung, Wong, Wei, 
Huang, & Lin, 1998).  
The strong free radical scavenging action is probably the most important property of polyphenols. 
This grants to polyphenols a notable antioxidant activity, which is achieved by the direct 
scavenging of reactive oxygen species (ROS) and free radicals (Bhullar & Rupasinghe, 2013; Pan 
& Ho, 2008). Furthermore, these phytochemicals are recognized for their anti-inflammatory 
competence, antimicrobial, cardio-protective properties, promoting health and reducing the risk of 
several human chronic diseases (Ghosh, Banerjee, & Sil, 2015; Pan & Ho, 2008). In addition, 
polyphenols are abundant in natural sources, raising a great interest in medicinal and pharmaceutics 
industry.  
 
4.1-Curcumin (CUR) 
Among several polyphenols intensely studied, curcumin (Figure 1) is a natural compound extracted 
from rhizomes of Curcuma longa that possesses an incredible commercial potential because of its 
medicinal benefits, including imunopromotion, anticancer and chemoprevention properties (Gupta 
& Gupta, 2005). The medicinal use of curcuma has been extensively reported in Ayurveda (the 
Indian system of medicine) for over 6000 years (Aggarwal, Kumar &Bharti, 2003). Its wide use 
goes from the simple food spice and coloring agent to medicinal indication for multiple sclerosis 
and Alzheimer (Wanninger, Lorenz, Subhan, & Edelmann, 2015). Therefore, strategies for the 
improvement of the pure curcumin production, from plant cultivation to molecule isolation, 
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represent an important task and attract interest from food and pharmaceutical field (Green et al., 
2008). 
 
 
 
 
 
 
 
 
 
 
Figure 1. The molecular structure (schetch) of curcumin and its cheto-enol equilibrium. 
 
4.2-Tannic acid 
Tannins are usually classified into two groups: proanthocyanidins and hydrolysable tannins. 
Proanthocyanidins are flavonoid oligomers of catechin and epi-catechin and their gallic acid esters. 
Hydrolysable tannins are composed of gallic and ellagic acid esters of core molecules that consist of 
polyols, such as sugars, and phenolics, such as catechin. Tannic acid (P-penta-O-galloyl-d-glucose) 
(Figure 1) is the model compound for this group of tannins (Chung, Wong, Wei, Huang, & Lin, 
1998). Tannins compounds were used in many industrial applications and as component of 
cosmetic products and pharmacological drugs due to their antioxidant activity, antimutagenic, and 
anticancarcinogenic properties (Roche et al., 2015).  
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Figure 2. Molecular structure of tannic acid  
 
4.3-Nanoparticles and polyphenols  
Nanotechnology can provide useful and effective devices for determining phenolic compounds in 
various industrial processes. For example, phenols are commonly measured in environmental 
settings using expensive and time-consuming methods that include colorimetric, gas 
chromatography and liquid chromatography (Kitts & Weiler, 2003). In this context, new 
nanotechnology based techniques can offer cost-effective, fast and sensitive detection devices 
permitting easier evaluation of the safety limits of the phenolic present in waste water and 
environmental matrices (Faraji, 2016).  
The use of nanotechnology-based systems has been proposed as a convenient solution to enhance 
the bioavailability of polyphenol molecules, while still maintaining their structural integrity 
(Etheridge et al., 2013). Nanoparticles has been mentioned as an alternative approach to enhance 
the polyphenol protection from degradation and to increase their shelf life (Musthaba, Baboota, 
Ahmed, Ahuja, & Ali, 2009). Finally, the ability of nanoparticles to behave as carriers for 
molecules, in combination with metal chelating properties of polyphenols, can be exploited for the 
development of separating/isolating systems providing novel green routes to produce advanced 
functional materials (Hu, Liu, Zhang, & Zeng, 2017; Mai & Hilt, 2017). 
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5-SAMNs 
Being aware of the importance of sustainable procedures for the synthesis of nanomaterials, a novel 
wet synthesis pathway for producing a new type of superparamagnetic nanoparticles was recently 
developed by our research group (Magro, Valle, Russo, Nodari, & Vianello, 2012b). The innovative 
material consists of stoichiometric maghemite (γ-Fe2O3), with unique spectroscopic properties, size 
around 10 nm and well-defined crystalline structure (Magro, Faralli, et al., 2012; Magro, Sinigaglia, 
et al., 2012). This nanomaterial, denominated “Surface Active Maghemite Nanoparticles” 
(SAMNs), exhibits a peculiar ability to form stable colloidal suspensions in water without any 
organic or inorganic coating, being freely stable for several months as colloidal suspensions, and 
presents a high average magnetic moment (Bonaiuto et al., 2016). 
In addition, SAMNs present the property of specifically bind organic molecules, leading to 
composite colloidal nanomaterials (Magro, Faralli, et al., 2012). The peculiar surface chemistry of 
SAMNs can be explained by the presence of under-coordinated Fe (III) atoms distributed on SAMN 
surface, which act as binding sites for molecules presenting chelating functionalities, such as 
hydroxyl or phosphate groups, keto-enol or isothiocynate moieties on their structure (Sinigaglia et 
al., 2012).  
The functionalization process of SAMNs involves the self-assembly of a monolayer of a particular 
compound on the nanoparticles surface, which occurs by simply incubation in aqueous solutions 
(Magro, Faralli, et al., 2012). Thus, the selectivity of SAMN surface reduces the absorption of 
nonspecific compounds and confers a high specificity. Furthermore, the functionalization process 
does not interfere with the magnetic properties of SAMNs.   
Bare SAMNs display an excellent recycling availability, long lifetime, selectivity and stability 
(Baratella et al., 2017; Chemello et al., 2016; Urbanova et al., 2014), and they can be considered as 
an excellent environmental friendly and cost-effective tool for various industrial applications. In 
particular, the recycling potential is an important industrial issue as the reusability of nanoparticles 
added to long lifetime are extremely required for this sector (Molnár & Papp, 2017).  
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Furthermore, SAMNs show notable electrocatalytic properties, already been used for the 
construction of electrochemical sensors (Urbanova et al., 2014) and biosensors (Baratella et al., 
2013). Finally, successful interactions of SAMNs with organic and inorganic molecules led to the 
creation of nano-conjugates with novel properties that have already been exploited in several fields, 
ranging from drug delivery (Chemello et al., 2016) polyamine detection in tumor tissue (Bonaiuto 
et al., 2016), biomarker recognition (Miotto et al., 2016), contrast agent for MRI (Skopalik et al., 
2014). For all the reasons, SAMNs represent the ideal candidate for exploring numerous novel 
applications. 
 
5.1- SAMNs for curcumin purification 
Effective magnetic purification of biomolecules is one of the most interesting application of 
SAMNs for the pharmaceutical and food industries. Due their unique properties, the reactive 
surface of SAMNs offers a high specificity to select iron-chelating molecules (Magro et al., 2014). 
SAMNs preserved crystalline structure upon binding and the ability to release molecules make them 
an attractive novel tool for isolating and purifying substances from natural matrixes (Magro et al., 
2014). 
Curcumin presents keto-enol functionality, hence it exhibits a good binding proclivity toward 
SAMN reactive surface. On these bases, Magro et al. (2014) demonstrated the application of 
SAMNs to purify curcumin from complex matrixes without any kind of preparation step. Presenting 
a fast and ecologically green production, involving the reduction of solvent volumes and offering 
the possibility to reuse SAMNs for several purification cycles, this technique provides an 
interesting example of the utilization of magnetic nanoparticles for biomolecule purification. 
However, other aspects need to be taken into consideration regarding the purification techniques of 
curcumin. For instance, an evaluation of the influence of environmental factors and agronomic 
techniques on plant cropping is crucial for improving the content of curcumin in the plant (Kitts & 
Weiler, 2003). In this context, to improve the curcumin production, it is very important to 
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understand in which phase of plant development can lead to the recovery of highest amount of 
curcumin in the biological matrix. A multidisciplinary approach, ranging from agronomy to 
nanotechnology, could offers valuable insights for a sustainable production of pure curcumin from a 
laboratory scale to industrial level.  
 
5.2- The SAMN-tannic acid complex for sensor development  
The desired goals for next generation sensors includes the optimization, at the same time, of 
sensitivity, specificity and real-time detection. SAMN-based sensors are simple, cost effective, 
potentially suitable for in-field readable responses and they can detect with high accuracy relevant 
target species (Baratella et al., 2017; Bonaiuto et al., 2016). Recently, researches empathized the 
application of polyphenolic compounds to modify the surface of nanoparticles to be used as sensors. 
Among polyphenols, tannic acid (TA) presents a particular structure with hydroxyl groups which 
offer the ability to form molecular interactions to form layers on nanoparticles surface 
(Abouelmagd, Meng, Kim, Hyun, & Yeo, 2016). TA interacts with iron oxide crystalline forms 
including lepidocrocite (γ-FeOOH), goethite (α-FeOOH), magnetite (Fe3O4) and, of course 
maghemite (γ-Fe2O3). TA easily binds Fe3+ ions leading to the formation of complexes of known 
low solubility in water. In fact, precipitating ferric tannates form a protective layer with inhibiting 
corrosion on metallic iron and steel. 
The development of stable and functional interfaces of nanostructured ferric tannate on peculiar 
maghemite nanoparticles occurs by self-assembly in aqueous solution producing a novel 
nanoarchitecture called SAMN@TA. Due to its high structural stability and its electrochemical 
properties, SAMN@TA could be applied for the development of a modified electrode aimed at the 
electro-oxidation of polyphenols, which widened the application possibilities of both TA and 
maghemite nanoparticles due to a synergistic effect.  
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5.3- Processing aid by the SAMN-tannic acid complex 
A different biotechnological application of SAMNs included its use as a processing aid in food 
industry, exploiting the physical-chemical properties of magnetic nanoparticles and their propensity 
to spontaneously bind on microorganism membrane (Azam et al., 2012). Moreover, the reactive 
surface of SAMNs can be coated with antimicrobial compounds, which, in turn, enhance 
antimicrobial effectiveness (Grumezescu et al., 2010; Huang, Wang, & Yan, 2010; Raghupathi, 
Koodali, & Manna, 2011). 
Because of the size and high surface-volume-ratio of SAMNs, showing affinity for bacteria cell, 
these nanoparticles can bind to the bacterial surface (Martinez-Gutierrez et al., 2010). This powerful 
interaction can cause the clustering of bacteria cells that, combined with the magnetic property of 
SAMNs, can be used to remove the aggregates from the system using an external magnetic field 
(Ansari, Grigoriev, Libor, Tothill, & Ramsden, 2009; Gholami et al., 2016). This procedure could 
be considered as a new non-thermal process to remove bacteria from the environment (cleaning 
purpose) or to increase the stress effect of sanitizing agents on bacteria due to the stretching effect 
of the magnetic field application (Taylor & Webster, 2011; Xu, Li, Zhu, Huang, & Zhang, 2014). 
These new applications can reduce the use of classical sanitizers and disinfectants and can reduce 
the use of preservatives on food.   
Among phenolic compounds, tannic acid stands outs for an effective inhibition of the growth of 
Gram-positive bacteria (Payne et al., 2013). As tannic acid (TA) and SAMNs form an extremely 
stable hybrid nanostructured complex, we tested SAMN@TA on Listeria monocytogenes. 
L. monocytogenes is a Gram-positive foodborne bacterium that can cause relatively uncommon 
infections with, in most cases, mild symptoms. However, the fatality rate van reach 30% among at-
risk patients (Ramaswamy et al., 2007). Notwithstanding sanitization efforts have significantly 
reduced the contamination by L. monocytogenes, the incidence of illness outbreaks in susceptible 
populations, as pregnant woman, remained constant along the years (Buchanan, Gorris, Hayman, 
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Jackson, & Whiting, 2017). Therefore, investigating the antimicrobial properties of SAMN@TA on 
Listeria monocytogenes in comparison to free TA, can give important information about the 
preservation of TA’s inhibitory activity when bound on nanoparticles as the immobilization of 
compounds of interest on the nanoparticle surface can intensify the effects on the target pathogens 
(Taylor & Webster, 2011). For instance, phenolic compounds, that have the ability to interfere with 
the bacterial growth and are promising anti-biofilm agent (Miklasińska et al., 2016; Min, Walker, 
Tomita, & Anderson, 2008), would become great candidates to be used as natural antibacterial 
agents upon immobilization on nanoparticles  (Ivanova, Fernandes, & Tzanov, 2013). 
Moreover, magnetic nanoparticles offer the possibility of being magnetically removed, leaving no 
residues into the food matrix, making this nano-carrier an innovative processing aid for surface 
treatments. Therefore, the carrier properties of SAMNs could be used to improve the antimicrobial 
efficiency by increasing the compound bioavailability and, moreover, offering the advantage of 
being magnetically drivable. In addition, SAMN@TA could be used as an effective, low-cost and 
environmental friendly antimicrobial nanomaterial for applications in the food industry. 
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6-AIMS  
The main objective of this thesis was to study and characterize the physical and chemical properties 
of iron oxide nanoparticles in combination with polyphenols in order to elaborate hybrid 
nanomaterials for the development of novel applications in the food industry field. More in-depth, 
the specific objectives were to: 
1) Study the purification method for the recovery of curcumin present in the mother biological 
matrix (Curcuma longa root) using magnetic nanoparticles (SAMNs). In addition, the scaling up at 
industrial level of the proposed approach was demonstrated by developing an automatic modular 
pilot plant, which was able of performing the continuous curcumin purification from the initial 
water-ethanol extract of the C. longa root. The proposed multidisciplinary approach embodies the 
fundamental principles of clean production, providing a paradigm for the utilization of magnetic 
nanoparticles for biomolecule purification.  
2) Examine the development of nanostructured ferric tannate, using tannic acid (TA) interfaces on 
peculiar maghemite nanoparticles (SAMNs) to produce the SAMN@TA complex. The structure 
and the electrochemical properties of the nanostructured material were characterized and applied for 
the development of a novel sensing electrode that was proved to electro-oxidation of polyphenols. 
The peculiar electrochemical properties of the SAMN@TA nanosensor were successfully used for 
the determination of polyphenols in real samples, representing a potential alternative to classical 
techniques. 
3) Investigate the antimicrobial properties of the SAMN@TA hybrid nanostructure against the 
bacterium Listeria monocytogenes. In particular, the antimicrobial properties of SAMN@TA on 
Listeria monocytogenes, in comparison with free TA, can give important information about the 
preservation of TA’s inhibitory activity when bound on nanoparticles. Thus, SAMN@TA was 
proposed as processing aid for surface treatment, without leaving residues, for food industry. 
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7-RESULTS 
 
7.1- A purification system developed to offer valuable insights for a sustainable production of pure 
curcumin at an industrial scale and for the economic valorization of agro-industry. 
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7.2- Characterization of the structure and electrochemical properties of the nanostructured 
SAMN@TA and determination of polyphenols in real samples. 
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7.3- Innovative core-shell nanocarrier, SAMN@TA, applied to test the antimicrobial properties of 
SAMN@TA on Listeria monocytogenes. 
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8-CONCLUSIONS 
Nanotechnology have undoubtedly opened up enormous opportunities for innovative 
developments in the food industry, although challenges still persist. We demonstrated the selective 
purification of curcumin from a complex matrix (C. longa extract) by using uncoated magnetic 
nanoparticles, presenting a low cost platform for the efficient isolation of natural compounds. In 
this work we proposed a novel, nanoparticle based, high capacity purification system for 
polyphenols, characterized by short operating times and significant reduction of costs compared to 
traditional methods. Moreover, an industrial scale prototype for the magnetic purification of high 
value compounds from different raw materials is proposed. Furthermore, the possibility to apply 
SAMNs for the development of novel analytical devices, competitive to conventional detection 
systems, was assessed. The electrochemical properties of the SAMN@TA complex were used for 
the development of a novel nanosensor which was applied for the determination of polyphenols in 
real samples with high sensitivity and low detection limits. This results support future promising 
implementations of emerging technologies based on iron magnetic nanoparticles as viable platforms 
for improving food safety and quality. Finally, the antimicrobial properties of SAMN@TA were 
tested on Listeria monocytogenes in comparison with free TA. The similar bacteriostatic effects of 
both compounds demonstrated the preservation of the TA inhibitory activity when bound on 
nanoparticles toward L. monocytogenes, with the added value of magnetic driving ability of 
SAMN@TA, leaving no residues into the matrix. These features make this novel nanocarrier an 
innovative processing aid for surface treatments. Thus, SAMN@TA can be proposed as an 
effective, low-cost and environmentally friendly antimicrobial tool for food industry applications. 
In conclusion, SAMNs can provide powerful instruments for magnetic separation, electrochemical 
sensors and antimicrobiological agents and can be applied in different biotechnological fields and in 
several production systems.  
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